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| 1 — Motivation |

The SM uniquely predicts the form of the self-
couplings of théV, Z and photon.

The most general phenomenological effective Lg-
grangian allowsWwyVv (V = ~, Z), Z~V and
Z 7'V couplings

The introduction of general trilinear gauge bosa
couplings is similar to the introduction of arbitrar
vector and axial vector couplingg, and g4 of
gauge bosons to fermions

The WWV couplings can be probed iV W —,

W=~ andW=Z production

The Z~V couplings can be probed iy produc-
tion

The ZZV couplings can be probed iiZ produc-
tion
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Z 7 production has recently been observed at LER2
and (weak) limits on theZ ZV couplings have been
obtained

So far, at the Tevatrorf, Z production has not been
observed

[] only theW WV andZ~V couplings have been
tested at hadron colliders

This will change in Run Il and at the LHC

Highlights of our calculation:

[ we calculatq)(g_o) — Z Z for generalZZV cou-
plings

[1 the calculation is performed at tree level in thg
double pole approximation

[1 Z decays together with decay correlations afg
fully included
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‘2 —ZLV Couplingsl

e The most general ZV vertex can be parameter
ized by two free parameterg,” and f,” which are
bothzero in the SVat tree level:

F%IBZ%/(qlaqmp) —

P? — M:
M7

i1 (P 4 PPy

+ify €% — g2),

[] both couplings violat€' invariance
1 f) violatesC P invariance
1 fY¥ violatesP invariance

e The overall factorP? — M7 is implied by Bose
symmetry for on-shell/ and/or by gauge invari-
ance forV/ =~
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Z 7V couplings can only arise fromvm > 6 op-

In any scenario of new physics beyond the SM.
e SM, 1-loop:
fi 0
5 O(10~%)
(Gounaris et aJ.

e In order to preservé-matrix unitarity, the anoma-
lous couplings have to derm factorswhich — 0
at large energies.

fio
(1+ QQ/A%'F)H

g is the squared momentum transférzr is ~
the scale of new physics.

fiv(q2) —

e These additional factors indicate that anomalods
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e The values of the form factors at small mome
tum transfer, as well as are constrained by partial
wave unitarity of the

ff—2722
amplitude at arbitrary center of mass energies:

BV

Apr (2n—

v
|f40,50| <

with
B” =0.107 TeV® 37 =0.089 TeV”

n>1.5
[] choosen = 3 in the following to leave room for

resonances eftc.
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‘ 3 — Phenomenologj

e final states of interest at the LHC:
27 — A0
YA 070~ + gr
77 (70~ 4 2 jets
77 BT + 2 jets

e chooselrpr = 2 TeV at the LHC in the following

o 77 — U0 505
[1 Is essentially background free
O cuts:pr(£) > 15 GeV, |n(f)| < 2.5,
76 GeV< m(4f) < 106 GeV
[] signature for anomalousZV couplings: broad
Increase iz z, pr(Z) andpr(¢) distributions at
large values
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o /7 0Tl +dr
(1 main backgroundsit andW W~ production

(] imposepr > 50 GeV) cut
] veto jets withp(j) > 50 GeV, |n(j)| < 5
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[1 background does not affect sensitivityZd V' cou-
plings
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o /7 VTl +2jetsandZZ — pr + 2 jets
[] cuts:

76 GeV < m(jj) < 106 GeV

pr(j) >30GeV  [n(j)] <3
AR(5) > 0.6 AR(jj) > 0.6

pr <40 GeV  for ZZ — 0707 + 2 jets

for ZZ — pr + 2 jets:

pr > 60 GeV
pr(f) <10 GeV for |n(f)] < 2.5

[] advantage: large branching fractions:
B(ZZ — 0707 4 2 jets) ~ 9.4%,

B(ZZ — pr + 2 jets) =~ 28%

[J main backgrounds? + 2 jets,tt andW Z pro-
duction

[ ¢t background small at high after

B < 40 GeV or lepton veto cut

[1 Z+2 jets background is aboutfactor 50larger
than SMZ Z production at the LHC
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I LHC: #1754 (difficult to trigger on?)

b~ pp > Z7 > vvjj
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e sensitivity limits

] performy? test forpy(¢7¢7) distribution

[1 usepr(j7) distribution forZZ — ;3

[1 allow for a 30% normalization uncertainty of
SM cross section

[1 take into account correlations between differefjt
Z 7'V couplings

o LHC:
[] the most stringent limits come frodZ —
(0 pr
[ for 10 fo~ !, App = 2 TeV, form factor power
n = 3.

—6.0x107° < f1h < 6.0x 1077

—72x107° < fly < 7.2x107°
—6.0x107° < fih <6.2x107°
—75x107° < fly < 7.2x 1077

at95% CL
(] the limits fromZ~Z — 4 leptons are a factaz

weaker
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[ the limits fromZZ — (0~ 55 (ZZ — p777)
are a factorl (2.5 weaker ¢ 55 background)

1 for 100 fb~! the limits improve by about a fac-
tor 2

[] increasingA g from 2 TeV to 3 TeV strength-
ens the bounds by about a facfor

[] for comparison: present LEP2 limits:

fZ] < 0.49 7] < 0.82
5] <11 fs| < 1.1

[] and the expected limits from Run |
ppyv/s =2TeV,2fb~ !, App = 0.75 TeV,n = 3:

—0.17 < fiy < 0.17 —0.18 < f7, < 0.18
—0.20 < f& < 0.17 —0.20 < f§, < 0.18

at95% CL
[] the most stringent Tevatron limits come fro
47 — €+€_]25T andZZ — pgrjj
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|4 — Conclusiong

Z 7 production at the LHC will allow for a precise
test of theZ ZV couplings

theZZ — ¢T¢~ 97 channel is the one most sensi
tive to ZZV couplings

backgrounds limit the sensitivity in the
77 —0t¢~j5andZZ — prjj channels

the SM 1-loop prediction for theZ ZV couplings
cannot be tested at the LHC (ditto for the Tevatrc
and a Linear Collider)
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